Objective: To assess the role of calcium in the development of clinical rickets among Ethiopian children coming to Jimma Specialised Hospital outpatient, department. Design: Case control study. Settings: Jimma Specialised Teaching Hospital and surrounding urban and rural community in the catchment area. Subjects: One hundred and thirty five under five year old children (30 cases of rickets and 104 non-rachitic cases) who came for paediatric service in Jimma hospital. Results: The mean (±SD) level of calcium intake for cases and controls was 664.5 (± 102.7) mg and 645.8(± 144.4) mg, respectively. There was no statistically significance difference between the two groups in the mean level of calcium intake (t=0.659, P>0.05). Generally, in both cases and controls the majority of the study participants were taking calcium below the recommended daily calcium requirement of 800 mg for age group according to Food and Nutrition Board of the National Research Council. When adjusted for different co-variates including age, sex, breast feeding history, history of diarrhoea lasting longer than 14 days and 24 hours calcium intake children and religion, occupation, educational status and residence the mothers/care givers using logistic regression model, frequency of exposure to sunlight ( OR=1.55, 95%CI: 1.2, 2.0), being from rural areas(OR= 5.0, 95% CI: 1.1, 23.3) and age 12-23 months (OR= 4.5, 95%CI: 1.2, 16.5) were significantly associated with rickets( P<0.05). Conclusion: It was found that Ethiopian children with rickets and without had a low calcium intake as compared to the recommended daily allowance. The fact that there was no difference in the dietary calcium intake between cases and controls and the significant difference observed between case and controls in terms of frequency of exposure to sunlight per week reflects that vitamin D deficiency emanating from poor exposure to radiant energy is the main cause of rickets in Ethiopian children. This study also documented the fact that rural children are at a higher risk of developing rickets as compared to their urban counterparts which could be mainly due to the traditional beliefs and practices more prevalent in the rural areas. Enhancing behaviour change communication about the benefits of exposing children to sunlight is very important in preventing the prevalence of rickets.
INTRODUCTION
Rickets is the term signifying a failure in mineralisation of growing bone or osteoid tissue. During the first third part of this century, the predominant cause of rickets was nutritional deficiency of vitamin D due either to inadequate direct exposure to ultraviolet rays in sunlight (296-310 nm; these rays do not pass through ordinary window glass) or to inadequate intake of vitamin D, or both. However, its clinical significance is mainly due to the effect the disease has on child health in general. Developmental delay is a commonly observed finding in rickets so much so that it is considered part of the clinical spectrum of the disease. Moreover, rickets is associated with increased morbidity and mortality. There is ample evidence demonstrating increased rates of infections, particularly diarrhoeal diseases (1) and acute respiratory infections (1) (2) (3) (4) (5) , in rachitic children. An increased susceptibility to infection may be multifactorial. The chest wall deformity of late rickets, altered immune status and the association of rickets with proteinenergy malnutrition (PEM) are some of the factors involved (3, 5) . Rickets also contributes to increased mortality. In a case-control study done in Addis Ababa it was found that the odds of dying in rachitic patients was five times higher than that of controls (3) .
Paradoxically, rickets is widely prevalent in many tropical and subtropical regions despite abundant sunshine (6). Reports from health institutions suggest that rickets is an important child health problem in Ethiopia (3, 7, 8) . A review of paediatric admissions in Jimma hospital indicated that about 7% of children aged less than five years were diagnosed to have rickets (8) . A more recent community based study in Jimma town showed rickets prevalence of 4% in randomly selected children between 6-59 months of age (2) .
Vitamin D deficiency is the commonest cause of rickets in children and vitamin D supplementation has brought down the incidence of rickets to a virtually nonexistent level in the developed world. The infant with rickets in the United States, for instance, is typically a black breastfed infant who did not receive supplemental vitamin D (9) . In developing countries where there is a high proportion of sunny weather the occurrence of rickets in a significant proportion of children is largely attributed to social and cultural factors. Keeping children indoors due to fear that they will catch cold, fear of evil eyes, and the tradition of wrapping children in swaddling clothes contribute to lack of adequate sunlight exposure (1,10). The incidence of rickets is particularly high in slum children who live in crowded houses almost devoid of sunlight (6).
A study done in Addis Ababa in the 1960's showed that nearly half of the rachitic children had been carefully protected against sunshine (7) . Similar observations as well as the good clinical response to vitamin D is the basis for incriminating vitamin D deficiency as the most common cause of rickets in Ethiopia. Contrary to expectations a recent study conducted in Jimma failed to show an association between sunlight exposure and rickets. All the rachitic children were said to be exposed to sunlight, the majority daily, and with no clothes on (2) . Parents who may be aware of the desired response could probably give history of exposure to sunlight hence introducing bias. On the other hand, it is also possible that other factors are contributing to the development of rickets. The most probable alternative explanation for the lack of association between rickets and exposure to sunlight is reduced dietary intake of calcium as a major factor in the causation of rickets. Several studies and reports have documented the fact that calcium deficiency could lead to rickets (11) (12) (13) (14) (15) (16) . The deficiency of calcium may increase the requirement for vitamin D, and therefore calcium deficiency may aggravate a borderline vitamin D status. In rats the rate of inactivation of 25-hydioxycholecalciferol (25-OHD) in the liver is increased by calcium deprivation (or increased phytic acid). The effect is mediated by 1,25 dihydroxy-cholecalciferol (1,25 (OH)2D) produced in response to secondary hyperparathyroidism(l3). Studies conducted in Nigeria suggest that rickets is largely the result of lack of calcium deficiency (14, 15) . Calcium deficiency as a cause of rickets is also reported from rural South Africa (16) . The evidence for the role of calcium deficiency in the causation of rickets comes from dietary surveys, biochemical studies, and the response to calcium therapy alone. We hypothesised that low dietary calcium intake may contribute to the development of rickets in Ethiopian children. So far studies looking at the role of calcium deficiency in rickets have not been conducted in Ethiopia. Therefore, this study assessed the differences in sunlight exposure and calcium intake in the rachitic and non-rachitic children in Jimma specialised hospital paediatric out-patient department.
MATERIALS AND METHODS
The study was conducted in Jimma University Specialised Hospital and a case-control design was employed. The sample size was calculated by using the EPI-info version-2000 and set at 95% confidence and power of 80%. A physician who had experience in handling children examined all the cases and controls for signs of rickets and a radiologist read the X-rays. Cases were identified based on the confirmation of the diagnosis of rickets clinically and radiologically. Definition of cases and controls was made as follows: Cases were, defined by the presence of two or more clinical signs (rachitic rosaries, chest wall deformity, frontal bossing, wide anterior fontanel, craniotabes, caput quadratum wide wrist and double maleoli), and radiological evidence of rickets, i.e., cupping and fraying of the ends of the ulna and radius, and widening of the epiphysis, on wrist X-ray. Children who had no clinical signs of rickets were selected as controls. Clinically normal subjects did not undergo further radiological diagnosis i.e., rickets was excluded in the control group by clinical examination alone.
All children with rickets (cases) seen in Jimma hospital paediatric outpatient or admitted in the children's wards were enrolled in the study after informed consent was obtained from the child's guardian. Age and sex matched non-rachitic children were taken as control based on a clinical confirmation of the absence signs of rickets by a physician. Interviewer administered structured questionnaire and twenty four hours dietary recall methods were used to collect dietary data and data on the other socio-demographic characteristics which include: age, sex, address, family income, parental literacy status, occupation, history of exposure to sunlight from birth to the current age: age at first exposure, frequency of exposure, duration of exposure at each sitting, condition of clothing during exposure, breast feeding, weight and length/ height. A trained health worker who speaks the local language (Oromiffa) filled the questionnaire.
Using food-composition tables designed for Ethiopian cooked and raw food stuffs,(32,33) dietary calcium intake was calculated by asking parents or guardians about the children's food intake on the preceding day (24 hours period). The twotailed Student's t-test for independent samples was used to compare mean values of calcium intake between children with rickets and matched control children.
The investigators checked the progress of the data collection and quality of data. The data were cleaned, edited and entered into a computer and analysed using SPSS for windows version 11.0. Logistic regression analysis was done to delineate factors which are independently associated with rickets. Statistical tests were performed at the level of significance of 0.05.
All cases and controls were enrolled in the study after the guardians were informed about the purpose of the study, the type of investigations to be carried out, the inconvenience that the study entails and the fact that failure of participation does not in any way affect the child's treatment. The radiological results were made available to the treating physician. A single exposure to radiation for wrist X-ray causes minimal or no health risk. Moreover, as X-ray examination is an established diagnostic test for rickets many would have undergone the test even if they were not part of the study. To minimise the risk of exposure, a wrist X-ray was not taken in a child who has a chest X-ray for a different reason (e.g. as part of a work-up for pneumonia) so long as the proximal humerus was visible on the film. Children with rickets were treated.
The controls, on the other hand, were children who were free of rickets clinically and they were not X-rayed for the purpose of the study. The proposal was submitted to the ethical Clearance Committee of Jimma University, to the medical director of Jimma hospital, and to the department of paediatrics for approval. The limitations of the study were that as it was conducted in Jimma hospital the findings of the study may not be generalized to the country at large. The dietary calcium intake was estimated using 24-hour dietary recall method, which gives at best a rough estimate of the mean calcium intake of the two groups. Other tests such as the urinary calcium excretion, the serum vitamin D, and parathyroid levels would have been useful in providing more accurate information on the importance of calcium deficiency in children with rickets. However, these tests were not available to the investigators.
RESULTS
A total of 30 cases and 104 controls were involved in the study out of which 87 were males and 47 were females giving a sex ratio of 1.9:1. The mean age of cases and controls were 13.3 and 13.4, respectively. The baseline characteristics of the two groups of children are shown in 2. There was no significant difference between children with rickets and the control children in terms of their nutritional status and other background variables like place of residence, literacy status, religion, occupation of the care takers and sex, age and history of breastfeeding of children(P>0.05. However, there was a statistically significant difference (P=0.000) between the cases and controls in the frequency of exposure to direct sunlight per week. The majority 84(64%) of the study subjects were from the urban areas and the rest were from the rural community. Over half of the subjects were Muslim by religion and the majority were Oromo by ethnicity. Regarding their occupation, large proportion of subjects were housewives followed by government employees. Most of the study subjects had educational status of primary level and below ( Table 2 ). The mean (+SD) level of calcium intake for cases and controls was 664.5 (±102.7) mg and 645.8 (±144.4) mg, respectively which was well below the daily allowance of 800 mg recommended by the Nutrition Board of the National Research Council, 1989 (Table 1 ). There was no statistically significance difference between the two groups in the mean level of calcium intake (t= 0.659, P> 0.05). The majority of both cases and controls had daily calcium intake below 800 mg recommended for age group according to Food and Nutrition Board of the National Research Council. It was observed that the trend of exclusive breastfeeding was similar for cases and controls. In both cases exclusive breast-feeding had continued beyond six months, which is not nutritionally adequate for normal growth of infants (Figure 2 Table 3) .
DISCUSSION
Overall 30 cases, which had radiologically, and clinically confirmed rickets and 104 controls were enrolled in the study. In a country where there is thirteen months of sunshine the existing higher prevalence of rickets seems paradoxical and catches an attention of researchers and health care providers. Nutritional rickets in children is usually considered to be due primarily to a deficiency of vitamin D, but several small studies in tropical and sub tropical countries (Nigeria and South Africa) have suggested that in these countries, a low dietary intake of calcium has an important role. These studies reported that children with rickets had a response to calcium therapy (l5, 16, 20, 21) . Another study in Nigeria reported that calcium supplementation with or without vitamin D therapy was more effective than supplementation with vitamin D alone in healing active rickets in a cohort of Nigerian children (23) .
It was with this scenario in place that the current study was conducted in the Ethiopian context. In the current study it was observed that there was no significant difference in the mean 24 hours dietary calcium intake between cases of rickets and the controls (T=0.659, P >0.05), which is similar to the finding of a study in Nigeria (23) . Most of the cases of rickets and the controls have marginal calcium intake as compared to the recommended daily allowance (800mg/day) for the age group and Nutrition Board of the National Research Council, 1989. Regarding the breast milk intake of the cases and controls similar pattern was observed in the trend of exlusive breast feeding in both groups showing that there was no difference in the calcium intake of both groups from breast milk as well.
The absence of a difference in dietary calcium intake between the children with rickets and the control children may imply that a low calcium intake alone cannot by itself be a cause for rickets. When adjusted for other co-variates using a binary logistic regression model, frequency of exposure to direct sun light per week was found to be strongly associated with development of rickets in the cases. It was observed that the control group of children were exposed to sun light more frequently as compared to the cases of rickets (P<0.05). Cases not exposed to sunlight more frequently were 1.6 times more likely to develop rickets as compared to the controls which were exposed. Frequency of exposure to direct sunlight was lower among cases of rickets as compared to controls.
The skin has a large capacity to produce vitamin D. Exposure of the entire body to the smallest amount of ultra B(UVB) radiation that produces transient just perceptible skin reddening is comparable to taking an oral dose of 10,000 to 25,000 IU of vitamin D (24, 28, 29) . Therefore, sufficient levels of vitamin D can be developed from partial exposure of the body to sunlight well before sunburn occurs. The age at onset of rickets resulting from a deficiency of vitamin D peaks between 4 and 12 months (19) whereas the age at onset of rickets among Ethiopian children was from 12-23 months which is similar to the findings of a study in Nigeria which showed a package of rickets to be between 15 and 25 months (23) .
According to this study children in the age group 12-23 months were 4.5 times more likely to develop rickets as compared to the other age groups. This may be due to the reason that this age group is not getting adequate sunlight exposure and also may not be on breast feeding which is a very good source of calcium. There is a possibility that vitamin D deficiency could lead to rickets in younger children, whereas a deficiency of calcium could be the chief factor in sustaining the disease in older children (l8). However, in another study no correlation was found between serum 25-hydroxyvitamin D concentrations and age to support this possibility (23) . Research has shown that human milk contains adequate vitamin D for at least the first six months of life. According to La Leche League International, the world's recognised authority on breastfeeding, rickets has rarely been found in fully breastfed infants. This is true even in northern climates where there is less exposure to sunlight, which activates the formation of vitamin D.
Children from the rural areas were also five times more likely to develop rickets as compared to the urban children. Rural children are more likely to be less exposed to sunlight due to different traditional beliefs and practices associated with it. Mothers fear evil eyes and also sunburn('Mich") and keep the infants and young children at home or get them stuffed with clothes preventing them from direct sun light exposure. Concern is directed to, infants whose mothers cover them up due to cultural beliefs and/or do not eat dairy products. or supplement their diets with foods or vitamins containing vitamin D.
Research suggests that people who wear enveloping clothing should expose their babies' uncovered cheeks to sunlight for just 20 minutes a day to get the needed vitamin D. Because the biologically normal means of obtaining sufficient vitamin D in humans is via sunlight exposure not diet (25) (26) (27) . Lack of exposure to sunlight resulting from less time being spent outdoors is the cause of the increase in incidence of rickets. vitamin D is a hormone that our bodies metabolise from the sun. The amount of sunlight needed to maintain normal vitamin D levels is approximately 30 minutes a week in an infant wearing only a diaper, or 2 hours a week in a clothed infant (24) .
Knowledge concerning the pathogenesis of rickets in children in developing countries in tropical and subtropical region has considerable public health significance and forms the basis for preventive public health programmes. In a tropical country like ours with plenty of sunlight as source of vitamin D, cultural factors may be the only cause of rickets in a number of cases.
In conclusion, we found that Ethiopian children with rickets and without had a low calcium intake as compared to the recommended daily allowance. The fact that there was no difference in the dietary calcium intake between cases and controls and the significant difference observed between cases and controls in terms of frequency of exposure to sunlight per week reflects that vitamin D deficiency emanating from poor exposure to radiant energy is the main cause of rickets in Ethiopian children.
This study has also documented that rural children are at a higher risk of developing rickets as compared to their urban counterparts which could be mainly due to the traditional beliefs and practices more prevalent in the rural areas. Enhancing behaviour change communication about the benefits of exposing children to sunlight is very important in preventing the prevalence of rickets. Appropriate messages should be designed for the rural community to get rid of harmful traditional practices of not exposing children to sunlight. Additionally nutrition education on the importance of giving calcium rich foods to children (milk and milk products) during infancy and early childhood, especially during second year of life when breast feeding is not adequate source of calcium is recommended.
